Sugarcane crop is heavily damaged by a complex of rodent species and wild boar. The damaged sugarcane becomes infested with microorganisms and other physiological stresses, resulting in reduction of weight and sugar recovery. In this regard a study was carried out to know the damage caused by rodents to four varieties of sugar cane grown at Thatta. In these studies maximum damage by rodents was observed to BL-4 (10.29±0.44%) variety followed by BL-129 (10.23±0.35) and Thatta-10 (7.31±0.22%) in the month of November. To manage the vertebrate pests Integrated Pest Management approach was tested and the pest management model is designed for its adoption by the sugarcane growers after research and practical studies. In these studies egg mixed brodifacoum bait proved the most promising one in achieving (92.55±0.55%) rat reduction followed by bromdiolone (89.87±0.6%) and Zinc Phosphide bait (84.10±1.00%). Paraffinized Zinc Phosphide Capsular Technology used to kill wild boar population proved very successful by reducing the activity upto 98.11 Percent on the fifth day. The proposed model is a combination of mechanical, chemical and habitat manipulation approaches, which will help to enhance the crop yield through minimizing pest infestation.
INTRODUCTION

Sugarcane
(Saccharum officinarum) is a major, widespread cash crop of Pakistan. It is a high value crop for making sugar, sugarrelated products, chipboard, paper etc. The crop accounts for 3.6% value added share in agriculture and 0.7% share in GDP of the country (Pakistan Economic Survey 2017-18) . It provides raw material to approximately 77 sugar factories besides indigenous "brown sugar" cottage industry (A. P. Com, 2003) . Sugar industry is the second largest industry after textile and plays an important role in economy of the country (Memon, 2002) . It must spearhead the research and development efforts so as to meet its raw material requirements (Hussain et. al. 2006) . Sugarcane is a profitable crop for growers as long as growing problems do not overtake the fields. One of the major problems is invasion of the vertebrate pests. Sugarcane crop is heavily damaged by a complex of rodent species including Bandicota bengalensis, Nesokia indica, Millardia meltada and Mus booduga and wild boar, Sus scrofa. Sugarcane is a long duration crop and thus provides an ideal condition for a complex of rodent population to subsist and cause extensive damage through eating into internodes and roots. This damage becomes more prominent in lodged sugarcane. Rat damaged sugarcane becomes infested with various microorganisms and other physical stresses resulting in reduction of its weight and sugar recovery. Hampson (1984) , recorded 3.7% (range 3-4%) mean sugar loss for every 10% damage of sugarcane. In a rat damage survey by at Fauji Sugar Mill, Khoski, Badin, 10.7% loss to sugar production was recorded. In a rodent control program conducted in sugarcane growing areas of Army Welfare Sugar Mills, Badin district, 2% Zinc Phosphide baiting decreased 74% rodent population (Khan and Munir, 2006 (Smythe, 1977; Fulk et. al., 1978 Smiet et. al., 1979 Smiet et. al., & 1980 Beg & Khan, 1982; Shafi & Khan, 1983; Brooks et. al., 1989; Shafi & Khokhar, 1989; Khan, 1991; Khokhar et. al., 1995; Khokhar & Rizvi, 1995 , 1998 Pervez et. al., 1999 Pervez et. al., & 2005 Roberts, 1997; Rizvi, 2004; Tariq et. al., & 2017 .
An
Integrated Pest Management approach was practiced to manage rodents and wild boar damage. The package successfully developed after a series of trails and is now ready for adoption by the end-users.
MATERIAL AND METHODS
The experiments were carried out at National Sugar Crop Research Center (NSCRC) experimental farms and farmer's fields at Makli, Thatta. The IPM based rat control trails were conducted on three sugarcane varieties, i.e., Thatta-10, BL-4 and BF-129 (Gulabi).
Rat management approaches were based on:
Mechanical
Snap traps Gopher Kill traps Live traps 2. Chemical
Use of Zinc Phosphide bait Use of brodifacoum bait
Use of Aluminum Phosphide tablets
Habitat Modification
Removal of weeds Sanitation of bunds
Wild boar Capsular Technique
For wild boar control poison baiting through embedding Zinc Phosphide capsule in wheat flour dough was applied with strict vigilance to avoid any mishap of eating by non-target species. Tables-8. Table-1 shows overall percentage of sugarcane damaged by different rodent species on three sugarcane verities during July, September and November 2007. BL-4 variety was recorded the worst attacked by rats followed by BF-129 variety. Whereas, Thatta-10 was least damaged by rats. The damage variation among the three verities was highly significant in the month of July whereas significant in the months of September and December ( 
RESULTS
Results of the studies are depicted in
DISCUSSION
Rodents are one of the major problems directly concerning to the production, storage and processing of the agricultural crops a accordance nd their eventual utilizations by man and his livestock as food (Sarwar et al., 2011; Sarwar,2015 a; Sarwar, 2015 b) . Sugarcane is highly vulnerable to attack by a complex of rodent pest species due to its long duration thus providing an excellent protective cover for rats to feed and thrive almost throughout the year (Smiet et. al., 1978 (Smiet et. al., & 1980 Khan and Munir, 2 accordance 006). The results of the treatments of three rodenticidal bait formulations clearly indicated the success of PARC Rat Bait in red accordance uction of rodent population and decline in sugarcane damage. Observations on the damage survey conducted during 2007 in Thatta District shows that BL-4 was heavily attacked variety due to its softness compared to Thatta-10 and BF -129. It is worth mentioning that BL-4 is the most grown sugarcane variety in lower Sindh (Smiet et. al. 1980) . Results of the experiments of rodent control using acute Zinc Phosphide bait with egg and second generation anticoagulant baits of brodifacoum and bromadiolone rodenticides (0.005% each) mixed with egg were applied in pellet form. In these studies egg mixed brodifacoum bait proved the most promising one in achieving (92.55±0.55%) rat reduction followed by bromdiolone (89.87±0.6%) and Zinc Phosphide bait (84.10±1.00%).
These findings are in line with the trials conducted in paddy and wheat by Pervez et. al. 1999 Pervez et. al. & 2005 . Similar poison baiting trails conducted for sugarcane in India and Elsevier by Hampson (1984) have clearly shown the complete control of rodent pests and reduction in damage to crop. Performance of bait offered is affected by a number of ecological factors in field situation, such as rodent species composition, post-control re-infestation, stage of crop development, climatic factors, crop harvesting time and intercropping heterogeneity (Parshad et. al., 1986) . By considering all these factors, the rodent and wild boar management package is developed for these pests.
Paraffinized Zinc Phosphide Capsular Technology was used to kill wild boar population successfully. In the Punjab, 80.4% to 100.0% reduction in pig activity was noted through application of the capsular technique (Khokhar & Rizvi, 1998) these previous studies are in accordance with these findings. The damage studies were conducted in early maturity stage of crop when less dense cover was (Khokhar and Rizvi, 1998) and by using this poison capsular technology the pest may be managed. 
RECOMMENDATIONS
• PARC Rat Bait has proved very successful in control of a complex of rodent pest population in sugarcane crop and recommended to sugarcane growers for safe, economical and easy rodent control. • Zinc Phosphide Capsular Technique is recommended for wild boar control. It was found very effective when applied through flour dough balls coated with milk powder. • Farmers' participation through arranging framer's field days, on field demonstrations and multidisciplinary approaches are recommended to knock down rats and wild boar pest population, thus to enhance the crop yield. • To achieve long term benefits of rodent and wild boar pest problems, participation of all stake holders of the area is essential including growers, mill management and R & D personnel.
